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Introduction
Since its early origins in psychology (see Koch and Link 1971, p. 121) , factor analysis has been performed on collections of multivariate data within a variety of scientific fields. In geology applications of the method are already commonplace in palaeontology (e.g. Gould 1967) , sedimentology (e.g. Krumbein and Graybill 1965; Imbrie and Purdy 1962), mineralogy (e.g. Saxena 1969 ) and economic geology (e.g. Koch and Link 1971) , but in petrology and lithogeochemistry the applications to date are very few.
It is the aim of any factor analysis to try to find simple structure among a multitude of variables, and consequently to minimize the number of independent variables in terms of which the wealth of information is presented. A factor analysis thus creates new »artificial» properties which should cover to as great a degree as possible the total variances of the original properties. As a result of a successful factor analysis, for instance, information can be graphically displayed far more easily than would otherwise be possible, and the comprehensibility of the information contained in the data collection is thereby increased. On the other hand, the new artificial variables created in association with the analysis are often difficult to interpret empirically in physical terms and their real nature and associated geological implications often prove to be interpretable only with difficulty.
When applying factor analysis to a collection of major element data of a rock-group the main interest is directed towards a possible parallelism of the mineralogical composition and the factor pattern. In a simple hypothetical system, in which each chemical component would have a mineralogical counterpart of its own, a high correlation between some of the components would induce a correspondingly high correlation among some of the mineral phases and, in the analysis therefore, a factor could be created which would represent both the chemical components and the minerals and could also be interpreted in terms of the mineral composition. In real rocks in which most of the chemical components occupy positions in more than one mineral's lattice and, furthermore, each mineral (with rare exceptions) comprises more than one chemical component, the situation is much more complicated. High correlations among the chemical components may exist but the factors that can be created on the basis of the correlations may not be easily interpretable in terms of the mineral composition. To see whether the mineral composition is reflected in the factor pattern is one of the interesting points of lithogeochemical factor analysis.
The number of factors that can be created in a factor analysis is dependent on the degree of correlation between the properties to be studied, in this case the chemical components. Similarly, the resulting eigenvalues and the communalities also reflect the degree of correlation and the successfulness of the analysis. In a closed system such as a wholerock chemical analysis, i.e., in a system with a fixed sum (or nearly so) some apparent correlation resulting from arithmetical reasons can be of utmost importance. This type of correlation has been called induced correlation, and, Chayes in particular, has paid attention to it (Chayes 1962 , Chayes and Kruskal 1966 , Koch and Link 1971 . Therefore one of the interesting aspects of a factor analysis is also to study whether the induced correlation will manifest itself in the results of a lithogeochemical factor analysis.
Material, method and results
The collection of silicate analyses of granitic rocks that have been earlier described in detail by one of the authors (Piispanen 1977) was utilized as the basic data collection for the present study. For the data sources and other details the reader is referred to this earlier publication (Piispanen op. cit.) . The collection consists of 195 analyses of which 40 represent rapakivis so that for the analyses three groups can be delimited, the total family of granitic rocks including the rapakivis, the rapakivis on their own and the total family excluding the rapakivis, the socalled non-rapakivi group.
The necessary computations were carried out. on the University of Oulu computer system. The principle and the method of computation were based on the correlation matrix from which, as a first phase, a noniterative principal axes solution was calculated. Each of the three subgroups of the data collection were thereafter individually subjected to a Varimax-rotated factor analysis in which pertinent loadings, eigenvalues and communalities were calculated by turns for 3 to 6 factors. The results of the relevant cases are shown in Table 1 .
In Table 2 the results are summarized and converted into chemical components.
For each individual factor the components listed are those which contribute most strongly to Table 1 . Factor loadings for individual runs covering 3 to 6 factors. A stands for the rapakivis, C for all granites (C = A + B) and B for the non-rapakivis (B = C -A). Both rapakivis and the total group of all the granitic rocks have, as their first factor, a factor in which Fe 2+ , Mg, Ca, Ti and negative silica have significant loadings. On the basis of the most important participating components the factor could, perhaps, be adequately called the femic factor. In rapakivis this factor has a very large eigenvalue (4.748 to 5.190) implying that a great deal of the variation of the chemical composition of the rapakivis can be described in terms of this single factor. The factor score pertaining to this factor for any rapakivi would reveal a great deal about the relationship of that particular rapakivi to the others.
In summary, the factor analysis among the rapakivis reveals one clear and prominent factor and some additional less clear and less significant factors. This situation is obviously a result of the homogeneity of the rock-group in comparison with the heterogeneity of the total group of granites.
In addition to the first, the femic factor, the rapakivis exhibit a second factor in which many of the same components which formed the first factor have large loadings. The most significant exception is Na 2 0 which here makes its first appearance, potassium being already present under the first factor. The allocation of soda and potassium to different factors in the rapakivis is discussed in association with the factors for the total family of the granitic rocks.
The third factor for the rapakivis is a negative silica-alumina factor. In this the arithmetically induced negative correlation between the two largest chemical components is obviously the reason for the formation of the factor.
In contrast with the rapakivis, the total group of granites have a second factor that carries large loadings for both potassium and soda. This factor is a result of the strong (-0.589) negative correlation of the components in the granites. Soda and potassium are also negatively correlated in the rapakivis, but the numerical value of the correlation (-0.521) there does not seem to be large enough to make the components fall under a common factor (in order to save space the correlation matrices are not reproduced here).
A geological implication of these relationships is, perhaps, to indicate the ability of the rapakivi alkali feldspar to carry more soda either as perthite or antiperthite or as a homogeneous solid solution than that of the other granitic rocks.
As the third factor the total group of granites show, as a rule, a factor in which Ti, ferric iron and MnO have large loadings. This factor does not make its appearance among the rapakivis.
The factor is most easily interpreted as a biotite factor containing the femic elements of biotite and excluding CaO which falls under the first factor, the femic factor, where hornblende is probably the main mineral representative.
